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Synthesis of iron-sulfur clusters relevant to the P-cluster of nitrogenase Shun Ohta, Motosuke Imada, Ayuro Murata, Yusuke Sunada, Motomi Katada, Yasuhiro Ohki, Kazuyuki Tatsumi Graduate School of Science and Research Center for Material Science, Nagoya University, Nagoya 464-8602, Japan. ohta@mbox.chem.nagoya-u.ac.jp Nitrogenase catalyzes the conversion of atmospheric N 2 to ammonia, and the unique [Fe 8 S 7 ] cluster in the MoFe-protein is called as P-cluster. Although the P-cluster has been thought to exist only in certain protein environment, we have found that iron(II) bis-amide complex 1 serves as a good precursor for the synthesis of P-cluster models. Addition of tetramethylthiourea (SC(NMe 2 ) 2 ), 2,4,6-triisopropyl benzenethiol (TipSH), and elemental sulfur to a toluene solution of Fe{N(SiMe 3 ) 2 } 2 (1) gave rise to the P-cluster model 2 in 83% yield. On the other hand, a similar reaction carried out in THF without SC(NMe 2 ) 2 was found to produce a different cluster 3 in 69% yield. The Fe(STip) 3 (THF) moiety of 3 was found to be replaced by SC(NMe 2 ) 2 to yield 2. Further works on ligand replacement of 2 led to the better P-cluster models carrying multiple thiolate ligands around the [Fe 8 S 7 ] core. The models are diamagnetic and have a common Fe(II) 6 Fe(III) 2 oxidation state. Their redox properties and Mössbauer spectra have been also examined. 
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Syntheses and characterization of bis(lthiolato)dinickel(II) complexes with new tripodal ligands having thiopyrazolyl groups Hideki Furutachi, Tomoya Kuroki, Takuya Masuyama, Shuhei Fujinami, Masatatsu Suzuki Department of Chemistry, Graduate School of Natural Science and Technology, Kanazawa University, Kakuma-machi, Kanazawa 920-1192, Japan. furu@cacheibm.s.kanazawa-u.ac.jp Various synthetic mono-and dinuclear nickel-thiolato complexes have been synthesized as structural and functional models for [NiFe] hydrogenase, which catalyzes the reversible conversion of proton and molecular hydrogen. We report, herein, the syntheses of bis(l-thiolato)dinickel(II) complexes [Ni(L1)] 2 (1) and [Ni(L2)] 2 (2) with new thiopyrazolyl-based tripodal ligands ( Fig. 1 ) and characterization of 1 Crystal structures of 1 and 2 showed that the complexes have bis(lthiolato)dinickel(II) cores bridged by the thiopyrazolyl arms of the ligands, respectively (Fig. 1) . Each Ni(II) ion in 1 has a distorted square planar structure with N 1 S 3 donor set, whereas that in 2 has a distorted five coordinate structure, which is described as an intermediate between a square pyramid and a trigonal bipyramid with N 2 S 3 donor set. Reactions of 1 and 2 with 1 equiv. of NaEt 3 BH in acetonitrile at -40°C gave monohydride species, {(Ni(L1)) 2 Department of Chemistry, Tokyo Institute of Technology, Tokyo 152-8551, Japan. h-tanaka@ms.ifoc.kyushu-u.ac.jp Dinitrogen activation and its functionalization under mild conditions is a challenging topic in chemistry and biology. Dinitrogen is abundant in the atmosphere, but its high-thermodynamic stability makes it extremely inert. We have prepared the bis(l-nitrido)diniobium(V) complex 1, in which the triple bond of N 2 is completely dissociated [1] . Several pieces of experimental evidence strongly suggest that a hydride-bridged diniobium complex plays a key role in the formation of 1. In this study, we have performed DFT calculations to propose a possible mechanism on the N:N bond cleavage by assuming a tetrakis(l-hydrido)diniobium(IV) as an initial complex. The formation of 1 proceeds in four steps: dinitrogen is coordinated to the bis(l-hydrido)diniobium(III) core, accompanied by reductive elimination of H 2 . The N:N bond of N 2 is activated up to a single bond, once it is bound to the Nb 2 core. Two electrons are prepared for the cleavage of the N-N single bond through the l-H migration to an N atom, leading to the formation of an Nb-Nb bond. The N-N bond is then dissociated by the two electrons that are shared between the two Nb atoms. Finally, 1 is generated after the second H 2 elimination. The second H 2 elimination is calculated to be the rate-determining step. Ni(I) complexes of macrocycle that carry methylthio-substituted pendant chains at two nitrogen sites have been synthesized as model complexes of the active site, and intramolecular CH 3 -S bond activation was investigated. The Ni(I) complex [Ni I (dmbmc)](OTf) (1) (dmbmc = 1,8-dimethyl-4,11-bis{(2-methylthio)ethyl}-1,4,8,11-tetraazacyclotetradecane) was found to activate a CH 3 -S bond to afford ethane (16%), methane (6%), and nickel(II) thiolate complex 2 (21%) at 75°C in THF. When the same reaction was conducted in the presence of DmpSH (=2,6-dimesityl benzenethiol), methane (31%) and 2 (18%) were obtained. A similar reaction using 1-d 6 that has two CD 3 S-groups in the pendants gave CD 3 H and 2-d 3 , which confirms that methane is derived from the CH 3 S-moiety. Hydrogen is the most promising energy vector in the post fossil fuel era [1] . To implement hydrogen economy, one of the many challenges is to have environmentally benign, sustainable, low-cost catalysts for both hydrogen production and oxidation.
[FeFe]-hydrogenase is one of the three phylogenically unrelated hydrogenases that catalyses rapidly the above two reactions and whose active-site consists of abundant ''building blocks'', for example, nickel, iron, and sulfur [2, 3] . The latter has a greater advantage over conventionally used precious metals. Thus, research inspired by this enzyme has attracted considerable attention in the past decade. In contrast to the tremendous efforts devoted into synthetic analogues of the di-iron subunit of the [FeFe]-hydrogenase, reports towards fabrication of catalytic electrode for proton reduction based on those synthetic models have been rare [4, 5] . In this presentation, we will describe fabrications of electrocatalytic electrodes for hydrogen evolution by confining synthetic analogues into polymers, which then were chemically immobilised onto the surface of gold electrodes. These fabricated electrodes were electrochemically investigated and their electrocatalytic behaviours towards proton reduction were examined.
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Activation and reduction of dinitrogen at room temperature, mediated by supported tungsten nanoclusters The reduction of dinitrogen (N 2 ) at room temperature, enabled by metalloenzyme nitrogenases, is one of the most fascinating chemical reactions taking place in organisms. At the reaction center of the enzyme is found a transition-metal cluster, like the FeMo cofactor, on which N 2 is believed to be activated and reduced. Although the mechanism of the reaction is still not well understood, it is certain that it owes much to the intrinsic catalytic property of the cluster. Therefore, studying catalytic properties of clusters comprising a few transition-metal atoms may shed new light on the mystery. We have been investigating activation and reduction of N 2 at room temperature on tungsten nanoclusters (W n ) supported on graphite under ultra-high vacuum conditions. We have already reported that N 2 is adsorbed on W 5 at low temperature with a side-on geometry, by which the N-N bond is highly activated [1] . We recently found that N 2 is adsorbed on W 5 in the activated form also at room temperature without the dissociation and that is when N 2 was co-fed to W 5 at room temperature, it yields an N1s XPS spectrum with the peak-binding energy of *400.8 eV. 2 ]X 2 {(R, X) = (Me, CF 3 SO 3 ) (1), (Et, CF 3 SO 3 ) (2), (iBu, SbF 6 ) (3), (Bn, SbF 6 ) (4)} (Fig. 1) . UV/vis absorption spectra of 1, 2, 3, and 4 contain a sharp band at *360 nm and two shoulder bands at *410 and *460 nm attributed to LMCT of S 2 2-to Cu(II) and at *670 nm assignable to d-d transitions. Especially, sharp bands at 354, 359, 363, and 361 nm, respectively, for 1, 2, 3, and 4 shifted to low energy region with increase in stronger donations of N-alkyl groups.
The reactions of complexes 1, 2, 3, and 4 against triphenylphosphine gave triphenyl-phosphine sulfide, while they did not show any reactivity toward benzyl bromide. This finding indicates that disulfido anions of complexes 1, 2, 3, and 4 are electrophilic toward exogenous substrates.
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Release of NO from cis(NO,NO)-trans(N,S) isomer of dinitrosyl-molybdenum complexes with 4,6-dimethyl-2-pyrimidinethiolate Toshiaki Yonemura Department of Applied Chemistry, Faculty of Science, Kochi University, Akebono-cho, Kochi 780-8520, Japan. yonemura@cc.kochi-u.ac.jp Nitric oxide (NO) has been identified as an important biological molecule, which has roles in neurotransmission, and in the immune responses to tumor cells and intracellular parasites. The regulation of NO in the creature has led to the NO-synthase or the controlled release of NO. We have reported the characterization and reaction of some dinitrosyl-molybdenum complexes with thiolate ligands.
We investigate the syntheses and some properties of linkage isomers of dinitrosyl-molybdenum [Mo(L-N,S) 2 (NO) 2 ]-type complexes {L = 4,6-dimethyl-2-pyrimidinethiolate (dmpymt), 4,6-diamino-2-pyrimidine-thiolate (dapymt), 4-methyl-2-pyrimidinethiolate (mpymt), and 4-amino-2-pyrimidinethiolate (apymt)}. Only a dmpymt complex has trans(N,S) configuration and other dapymt, mpymt, and apymt complexes have trans(S,S) ones. It was revealed that on the basis of their X-ray diffraction method and IR and 13 C NMR spectral data. Further, in the mpymt and apymt complexes, especially, three pairs of linkage isomers, which occur by a position of substituent, are also possible. It is considered from the NMR spectral study that mpymt takes a remote-remote structure, whereas apymt complex does an adjacent-adjacent one. These complexes exhibited a remarkable time-course change under the room light, which decrease in the absorbance of the MLCT band in the UV-Vis absorption spectra. In the IR absorption spectra, it is thought that the disappearance of one of two NO stretching bands seen in a starting materials indicate the elimination of the coordinated one nitrosyl ligand. The details of the di-and/or tetra-merization between trans(N,S)-or trans(S,S)-[MoL 2 (NO) 2 ] and PPh 3 are also reported.
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Dinitrogen fixation by novel molybdenum complexes with aminophosphine ligands Takahiko Ogawa, Yuji Kajita, Yasuhiro Funahashi, Tomohiro Ozawa, Hideki Masuda Graduate School of Engineering, Nagoya Institute of Technology, Gokiso-cho, Showa-ku, Nagoya 466-8555, Japan. chw13314@stn.nitech.ac.jp It is well known that nitrogen atom is very important and essential for a living body. However, it is required to be reduced to ammonia because of its extremely inertness. In industry, Haber-Bosch process reduces dinitrogen to ammonia, which it requires a great deal of energy under high temperature and high pressure reaction conditions. In nature, the enzyme nitrogenase, which is contained in diazotrophic microorganisms, reduces dinitrogen to ammonia at an ambient condition. Hence, it is important to elucidate the mechanism of conversion from dinitrogen to ammonia by nitrogenase. Some reductions of dinitrogen to ammonia by transition-metal complexes have previously been reported. In this study, we also synthesized a novel molybdenum dinitrogen complex with high-performance aminophosphine ligand.
Treatment 3 ground state contrary to all the examples reported previously [1, 2] . Continuously, we have prepared a series of isocyanide complexes of iron(III) porphyrinods, such as aza porphyrin 1, planar porphyrin 2, nonplanar porphyrin 3, porphycene 4, corrphycene 5, and oxypyriporphyrin 6, chlorin 7, to investigate how the difference of the macrocycle affects the electronic structures of the isocyanide complexes. The result obtained from combined analysis of 1 H NMR, 13 C NMR, EPR, IR, and X-ray will be discussed in detail. Gustav.Berggren@fotomol.uu.se Inspired by nature's photosynthesis the Swedish Consortium for Artificial Photosynthesis works towards molecular assemblies capable of producing H 2 from H 2 O, using sunlight to drive the reaction [1] . A key part of the natural system is a tetranuclear manganese-based catalyst, which provides the system with electrons via stepwise oxidation of H 2 O into O 2 [2, 3] . Recently, McKenzie et al. showed that a Mn-complex featuring a mononucleating, pentadentate, N 4 O ligand (HL1) evolved oxygen when treated with Ce(IV), a one electron oxidant. The system was suggested to form the oxygen-oxygen bond via reductive elimination of bis-l-oxo's from a Mn(IV)-dimer [4] .
To further investigate this type of complexes, a family of new ligands, mono-as well as dinucleating, based on this framework has been synthesized and characterized. Their capacity as catalysts for water oxidation using Ce(IV) as an oxidant has also been studied. Furthermore, to test the suggested mechanism, a Mn(IV)-dimer using an isomer of HL1 has been isolated and its reactivity studied in detail.
P664 Biomimetic catalysts for carbon dioxide conversion
Junhyeok Seo, Allegra Aron, Eunsuk Kim* Department of Chemistry, Brown University, Providence, RI 02912, USA. Eunsuk_Kim@brown.edu Carbon dioxide (CO 2 ) is an essential carbon source in nature that plants and bacteria have evolved to utilize. Despite the knowledge of structures and functions of the enzymes that deal with CO 2 reduction in nature, little attempt has been made to utilize enzyme principles in developing new synthetic catalysts. Here, we present biomimetic molybdenum and tungsten catalysts that are designed based on the known structures and functions of naturally occurring CO 2 -reducing enzymes. Synthesis, spectroscopic characterization, and the initial CO 2 reactivity studies will be discussed.
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Reaction mechanism of cyanide decomposition by ferrate Tomonori Nakayama, Takashi Kamachi, Kazunari Yoshizawa Institute for Materials Chemistry and Engineering, Kyushu University, Fukuoka 819-0395, Japan. tomo2378@ms.ifoc.kyushu-u.ac.jp The mechanism of cyanide oxidation by ferrate in water is discussed using DFT computations in the framework of the polarizable continuum model. Cyanide compounds are very toxic and must be removed from the wastewater prior to discharge. Sharma et al. [1] reported that ferrate (FeO 4 2- ) is an effective iron-based oxidant for cyanide destruction. This is a ''green'' oxidant for a variety of organic and inorganic compounds with harmless wastes of rust, which is easily separated from desired products. The reactivity of three oxidants, nonprotonated (N), monoprotonated (M), and diprotonated (D) ferrates is evaluated. This reaction is initiated by a direct attack of an oxo group of ferrate to the carbon atom of cyanide, followed by an H-atom transfer from cyanide to another oxo group to lead to an intermediate having cyanate (NCO -) as a ligand. The produced cyanate is oxidized by an oxo ligand of ferrate and exogenous oxygen molecule to CO 2 and NO 2 -. The initial C-O bond formation is found to be the rate-determining step in this reaction. The activation energy for the C-O bond formation is 12.4 kcal mol -1 for N-ferrate, 10.6 kcal mol -1 for M-ferrate, and 9.9 kcal mol -1 for D-ferrate, which indicates that the oxidizing power of the three oxidants is in the order of N-ferrate \ M-ferrate \ D-ferrate. The general energy profile for cyanide oxidation by ferrate is downhill toward the product direction after the C-O bond formation, so cyanide is readily converted to the final products in water. The reaction kinetics of this reaction are analyzed from the calculated energy profile and experimentally determined pK a values. This research won BCSJ Award [2] .
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Bioinspired highly active homogeneous catalysts for hydration of nitriles: activation of water under neutral conditions Toshiyuki Oshiki, Isao Hyodo, Makoto Muranaka Graduate School of Natural Science and Technology, Okayama University, Okayama 700-8530, Japan. oshiki@cc.okayama-u.ac.jp The catalytic hydration of nitriles is an ideal atom economical reaction and sustainable method for preparation of amides. Metalloenzymes [1] have been employed in the large-scale industrial production of amides from nitriles. We have been investigated chemical catalysts for the hydration of nitriles [2] . Especially, we focus our attention on the metal-ligand bifunctional molecular catalysts such as ruthenium and iridium complexes. The transition-metal complexes having diphenyl-2-pyridylphosphine (=PPh 2 py) as a ligand proved to be excellent chemical catalysts for hydrolysis of nitriles to amides under neutral conditions [3] . In contrast to the bioprocess using the metalloenzyme, our chemical hydration process proceeded using the minimum amount of water. Nucleophilic addition of water to the nitrile group was promoted by coordination to the PPh 2 py ligand via a formation of hydrogen bond like a biocatalyst. -) is one of the most important chemical processes, and some dimanganese and diruthenium complexes have been reported as oxygen-evolving catalysts. We recently reported that a mononuclear ruthenium complex with 2,2 0 ;6 0 ,2 00 -terpyridine (terpy) serves as an oxygen-evolving catalyst [1] . In this work, we report the O 2 -evolving activities of mononuclear ruthenium complexes coordinated with a triazamacrocycle, 1,4,7-trimethyl-1,4,7-triazacyclononane (tmtacn) [2] . The oxygen-evolving activities of 1-3 were examined by monitoring the amount of O 2 evolved from an aqueous solution (2 mL) of Ce(NH 4 ) 2 (NO 3 ) 6 (0.200 mM) and each molecular catalyst (0.125 mM) 1, 2, or 3 (Fig. 1) . All the catalysts show relatively high activity toward water oxidation reaction with turnover numbers (TON) ca. 150-250 after 40 h. The results clearly indicate that the stronger electron-donating groups on the 2,2 0 -bipyridine derivative gives rise to the higher catalytic activity. The results of spectroscopic and electrochemical measurements will also be discussed Scheme 1. [1] . In order to develop more highly active and robust O 2 -evolving catalysts and also to set down a rational strategy to control the activity of catalysts, various other dinuclear cores with different interaction modes of two metal centers must be explored. In the present study, the O 2 -evolving activities of new diruthenium catalysts ({Ru-OH 2 } 2 ) have been evaluated using cerium (IV) ammonium nitrate as an oxidizing reagent. During the detailed studies on these systems, it was also realized that the mononuclear systems (Ru-OH 2 ), which were first examined in control experiments, are much higher in activity than the diruthenium ones, raising a question about the importance of a dinuclear character in the O 2 -evolving catalysis [2] . In this contribution, resent results achieved in our group regarding the O 2 -evolving catalysis of other mononuclear ruthenium complexes will also be discussed [3] 
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Hydrogen production from water catalyzed by biorelevant and non-biorelevant multinuclear metal complexes Ken Sakai Department of Chemistry, Faculty of Science, Kyushu University, Hakozaki 6-10-1, Higashi-ku, Fukuoka 812-8581, Japan. ksakai@chem.kyushu-univ.jp Water cleavage into hydrogen gas (H 2 ) and oxygen gas (O 2 ) under solar illumination has attracted much attention for the development of fossil-fuel independent energy sources. We previously demonstrated that certain dinuclear platinum(II) complexes serve as an efficient H 2 -evolving catalysts in a multiple component system consisting of Ru(bpy) 3 2+ , methyl viologen, and ethylenediaminetetraacetic acid disodium salt (EDTA) [1] . Recently, we also succeeded in the development of ''photo-hydrogen-evolving molecular devices'', which photochemically promote the reduction of water into molecular hydrogen [2] . In spite of the high activity of platinum complexes in the H 2 -evolving reaction, alternative catalysts with much lower costs must be pursued to ensure their widespread use in human society. An Fe 2 (l-S) 2 cluster (H-cluster) in Fe-only hydrogenase (FeHase) is known to exhibit an extremely high H 2 -evolving activity. In this context, we have investigated H 2 -evolving catalysis of iron complexes having a biorelevant Fe 2 (l-S) 2 core, showing that [Fe III (mnt) 2 ] 2 -2 (mnt = maleonitriledithiolate) serves as an electrode catalyst towards the H 2 -evolving reaction in aqueous media with an overpotential of 560 mV [3] . We also present our recent results on the more highly efficient derivatives of this family. ). Interestingly, these two both embrace ferromagnetic-interacting divandyl cores. We detail the syntheses, structures and spectroscopies properties of these complexes, as well as the significance of the chemistry. . The structures of complexes 1-6 were characterized by single-crystal X-ray diffraction. 1 is a dinuclear nonoxovanadium(IV) species with two seven-coordinate vanadium centers bridging by three methoxides. The structure of 2 adopts a distorted octahedral geometry with oxovanadium(V) center. Complex 3 consists of a dodecahedral vanadium center with the two PS3 00 ligands bound through two phosphane and six sulfur atoms. 4 has an eight-coordinate vanadium center binding to two PS3 0 ligands through six sulfur and two phosphane atoms. 5 is nonoxovanadium(IV) species binding to two PS3 ligands, where a disulfide bond forms between two ligated PS3 ligands. Complex 6 has a sevencoordinate vanadium center binding to a PS3 0 ligand and a PS3 0 SMe, a bis(thiolato)thioether phosphine ligand. The mechanisms of these complexes involve with the occurrence of the redox chemistry between V(V)/V(IV) and thiolate/thiyl-radical couples. The syntheses, structures, spectroscopies and electrochemical properties of complexes 1-6 are discussed in this presentation.
